INTRODUCTION {#sec1-1}
============

Tuberculosis (TB) is one of the leading infectious causes of death and disease worldwide and remains a major public health problem, despite socioeconomic development and advances in medical science. The WHO Global TB Control Report 2013 based on surveillance and survey data estimates that 8.6 million new cases of TB occurred in 2012 of which India accounts for about 2.0--2.4 million.\[[@ref1]\] Smoking has been consistently linked with TB in recent years, and the increased risk among smokers may be explained by the effect of smoking on pulmonary host defences.

Chronic exposure to tobacco, as well as to a number of environmental pollutants, impairs the normal clearance of secretion on the trachea-bronchial mucosal surface and may thus allow the causative organism *Mycobacterium tuberculosis*, to escape the first level of host defences which prevent bacilli from reaching the alveoli.\[[@ref2]\] Smoke also impairs the function of pulmonary alveolar surfactants.\[[@ref3]\] Recent work has suggested a novel mechanism. Nicotine is hypothesized to act directly on nicotine acetylcholine receptors on macrophages to decrease production of intracellular tumor necrosis factor and thus impair killing of *M. tuberculosis*.\[[@ref4]\] These effects of smoking on pulmonary host defence support a causal link between smoke exposure and either an increased risk of acquiring TB or progression of TB. Several studies have shown an association between smoking and TB-related infection, disease and increased mortality.\[[@ref5][@ref6][@ref7][@ref8][@ref9]\] A recent meta-analysis reported that those who had a close contact with a smoking household member were 9 times more likely to have TB as compared to those who were distant contacts.\[[@ref10]\] Although the current approach to TB control focuses on case detection and treatment, recent studies suggest that this strategy alone might not be sufficient to achieve this goal and it may also be necessary to reduce risk factors that contribute to the occurrence of TB infection and/or disease. Such risk factors may act at one of several steps in the natural history of the disease.\[[@ref5]\] Tobacco attributable deaths are projected to increase from 3 million in 1990 to 8·4 million in 2020.\[[@ref11]\] This harmful socioeconomic factor is less thought as a contributor to the morbidity and mortality from TB.

Thus, this study was done to affirm the strength of association between smoking and pulmonary TB and also to see the consequences that smoking has on the treatment outcome of this disease.

MATERIALS AND METHODS {#sec1-2}
=====================

Between July 2010 and March 2011, an observational study was conducted among 101 successive patients aged 18 years or more who were registered cases of pulmonary TB with National Institute of TB and Respiratory Diseases directly observed treatment short course center under Revised National TB Control Programme (RNTCP). Drug resistant and extrapulmonary TB patients and pregnant females were excluded. Prior to enrolment, approval of the Institute Ethics Committee was obtained. Patients were included irrespective of their previous anti-tubercular treatment status. All patients had two consecutive sputum smears examined for the presence of acid-fast bacilli (AFB) using Ziehl--Neelsen technique at the initiation of treatment and repeated as per recommendations of the RNTCP.\[[@ref12]\] Among TB patients; smokers and nonsmokers were separately evaluated. A predesigned proforma was used to capture the clinical and radiological findings. Sputum AFB smear grading was done as per WHO guideline.\[[@ref12]\] The radiological severity of the disease was assessed based on the guidelines of National TB Association of USA at presentation and end of the treatment.\[[@ref13]\] Treatment outcomes were recorded as per RNTCP guidelines.\[[@ref12]\] The radiological severity and sputum bacillary load were also assessed in terms of smoking index. Smokers were further divided as current smokers and former smokers. Former smokers were defined as a person who had smoked ≥100 cigarettes/beedis in his lifetime but was not smoking at the time of interview.

Statistical analysis {#sec2-1}
--------------------

Quantitative and qualitative data were expressed as median (interquartile range) and percentages, respectively. Quantitative data were compared using Mann--Whitney U-test while qualitative variables were compared using Pearson Chi-square test. A "*P*" value of \<0.05 was considered significant.

RESULTS {#sec1-3}
=======

Characteristics of enrolled patients {#sec2-2}
------------------------------------

A total of 101 patients, aged between 18 and 65 years were enrolled over a period of 9 months. The male-female ratio was 1·8:1 with a mean age of 31·22 years (± standard deviation 11·638). Majority (40.6%) of the enrolled patients were in the age group of 21--30 years. Among male patients (*n* = 66), 62.12% were smokers, 13.63% former smokers while among females (*n* = 35) there were 2.86% smokers and 5.71% former smokers. Of the enrolled, 42 (41.58%) smoked beedi while 11 (10.9%) smoked cigarette and rest were nonsmokers \[[Table 1](#T1){ref-type="table"}\]. Beedi smokers comprised 79.24% of total smokers while cigarette smokers comprised 20.76%. Among current and former smokers, 30.2% had a smoking index of \<100, 41.5% between 100 and 299 and 28.3% of \>300.
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Assessment at presentation {#sec2-3}
--------------------------

Assessment of bacillary load showed that out of total 47 patients who had 3+ smear grading, 49% were smokers, 40% nonsmokers, and 11% former smokers. As smoking index increased from \<100 to 100--299 and \>300, 3+ smear grade increased from 12.5% to 68.18% and 66.66%, respectively, (*P* \< 0.05). The data indicates a positive correlation of sputum bacillary load among pulmonary TB patients with higher smoking index.

Among nonsmokers, 79.2% patients had minimal disease while only 4.2% had advanced disease as compared to smokers where 52.4% had moderate disease, 26.2% advanced disease and 21.4% minimal disease (*P* \< 0.01). Moreover, among former smokers, 72.7% had moderate disease and 27.30% had minimal disease at presentation \[[Figure 1](#F1){ref-type="fig"}\]. The extents of disease, as adjudged by infiltrates on chest X-ray, were much severe among smokers and former smokers as compared to nonsmokers. This was statistically significant for both the groups as compared to nonsmokers (*P* \< 0.01).

![Radiological infiltrates among patients](LI-33-507-g002){#F1}

Overall 31 (30.69%) subjects had the cavitary disease as evident on X-ray chest. Among nonsmokers, 18.8% had cavitation while among smokers and former smokers 40.4% and 45.5% respectively had the cavitary disease (*P* \> 0.05).

Majority of patients had moderate degree of infiltrates irrespective of their smoking index (43.82--63.64%). However, number of patients presenting with moderate infiltrates were higher (≥60%) in subjects with a smoking index of \>100 as against those with a smoking index of \<100 (*P* \> 0.05).

Assessment at end of intensive phase {#sec2-4}
------------------------------------

By the end of intensive phase (IP), 11 patients were lost to follow-up (defaulters) which included 9 smokers and 2 nonsmokers. Maximum conversion rate at end of IP was found among nonsmokers (56.50%) while 36.40% each of smokers and former smokers could achieve negative sputum status by this time (*P* = 0.137) \[[Table 2](#T2){ref-type="table"}\].
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Until end of IP, 60% patients with smoking index \<100 converted to negative while only 30% and 28.6% of patients with a SI of 100--299 and \>300, respectively, could convert \[[Table 3](#T3){ref-type="table"}\]. As the intensity of smoking (as adjudged by SI) increased the conversion rate became poorer. However, this difference was also not statistically significant (*P* = 0.217).
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Assessment at end of treatment period {#sec2-5}
-------------------------------------

By the end of treatment period, five more patients were lost to follow-up in which three were smokers and one each of former smoker and nonsmoker. Final analysis at the end of treatment period was done on 88 patients (*n* = 88). At the end of treatment, 93.30% of nonsmokers showed complete clearance of infiltrates on chest X-ray while only 80% and 90% smokers and former smokers, respectively, showed complete clearance (*P* \> 0.05). Among nonsmokers, 6.70% still had minimal infiltrates as compared to 13.30% of smokers and 10% of former smokers. At the end of treatment, 91.1% nonsmokers showed clearance of cavity as against 80% of the smokers and 70% of the former smokers. This data suggests that smokers and former smokers demonstrate more persistence of cavitation (as sequel) on X-ray at end of treatment as compared to nonsmokers (*P* \< 0.05).

Treatment outcome based on smoking status {#sec2-6}
-----------------------------------------

Cure rate among smokers, nonsmokers, and former smokers were 59.5%, 79.2%, and 81.8%, respectively. Treatment completion among smokers was 9.5%, whereas it was 14.6% and 9.1% among nonsmokers and former smokers, respectively. The overall treatment success rate thus at the end of treatment was 93.8% in nonsmokers, 69% in smokers, and 90.9% in former smokers. This difference was significant statistically (*P* = 0.000). Default rate among smokers was 28.5% as compared to nonsmokers (6.3%) and former smokers (9.1%), *P* = 0.0001 \[[Table 4](#T4){ref-type="table"}\]. Logistic regression was applied to evaluate the role of smoking on treatment default which demonstrated that smokers are six times more likely to default (odds ratio \[OR\] 6.207, 95% confidence interval \[CI\] 1.61--23.907) and former smokers are almost two times more likely to default (OR 1.5, 95% CI 0.141--15.96) compared to nonsmokers. The poor treatment success among smokers (69%) was largely contributed by higher defaulters in this group \[[Figure 2](#F2){ref-type="fig"}\].
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DISCUSSION {#sec1-4}
==========

Of the 101 enrolled pulmonary TB patients, majority (40.6%), irrespective of history of smoking, were in the age group of 21--30 years. The Indian epidemiological data of TB prevalence also shows the age prevalence of 15--50 years.\[[@ref14]\] Preponderance of male sex among pulmonary TB (PTB) cases, as found in our study, was consistent with findings of other studies.\[[@ref6][@ref7][@ref8]\] Predominance of male patients may be due to high prevalence of PTB in general among males and secondly due to continuing unequal access to medical care facilities as compared to women and children, especially in developing countries like India.

Smoking prevalence among TB subjects was found to be between 33.3% and 62.5% in various studies\[[@ref6][@ref7][@ref8][@ref9]\] and this study also showed 52.5% smokers and 47.5% nonsmokers among total diagnosed TB subjects.

A higher bacillary load was found in patients with a history of smoking. However, due to smaller sample, this difference, when compared to nonsmokers, could not reach a statistical significance as found in other studies.\[[@ref6][@ref15]\] Sputum smear grade of 3+ was more common among moderate and heavy smokers as compared to those with a SI of \<100 which was also observed by Agarwal and Agrawal.\[[@ref7]\] The higher grades of sputum smear AFB positivity could possibly be explained by the fact that cavitation and advanced infiltrates are more common among smokers. This correlation was also demonstrated in a study done by Altet-Gomez *et al*.\[[@ref15]\] At presentation, moderate and advanced degree of radiological infiltrates were more common among smokers (52.4% and 26.2%) as compared to nonsmokers (16.7% and 4.2%). A study by Abal *et al*.\[[@ref16]\] also found far advanced radiographic abnormalities in smokers as compared to nonsmokers. Agarwal and Agarwal\[[@ref7]\] also showed smoking led to more fibrosis and infiltrates (98.07% and 9.6%, respectively) as compared to nonsmokers.

In this study, it was observed that smokers (24/30, 80%) and former smokers (7/10, 70%) show decreased clearance of cavities on chest X-ray after treatment completion as compared to nonsmokers (41/45, 91%), which was statistically significant (*P* \< 0.05). There is paucity of data on literature search on this aspect. However, severity score as adjudged by Racil *et al*.\[[@ref17]\] showed that residual radiological severity score was more among smokers (13.8% vs. 0%, *P* \< 0.05). The more radiological sequelae observed among smokers could be due to the late presentation and more pathophysiological damage. Pikas\[[@ref18]\] had also suggested that there was enhanced moisture exuding function of lung among TB patients exposed to smoke. Moreover, it was observed that smoke modifies the normal response, thus the chronic inflammatory response may induce parenchymal tissue destruction and disrupt normal repair and defence mechanism leading to radiological sequelae.\[[@ref19]\]

At the end of treatment, outcomes were assessed in terms of treatment success (cured and treatment completed), defaulters, and failures in all the three groups (nonsmoker, smoker, and former smoker). Smokers had significantly lower treatment success rate (69%) as against nonsmokers and former smokers (93.8% and 90.9%, respectively). This difference was statistically significant (*P* = 0.001). However, it was also observed that the default rate was higher among smokers (12/42, 28.5%) as compared to former smoker and nonsmokers (9.1% and 6.3%, respectively, *P* = 0.001). A higher default rate among smokers was largely responsible for the poor treatment success among them.

Smoking and TB both affects younger age group of population with male predominance. Smokers demonstrate extensive infiltrates as compared to nonsmokers also as the severity of smoking increased (smoking index) the bacillary load also increased (higher grades of sputum positivity). At end of treatment, smokers were left with more radiological sequelae in terms of cavitation. Smokers also had a poorer outcome in terms of treatment success rate as compared to nonsmokers. However, this was largely due to high percentage of default rate among smokers implying compliance or treatment adherence issues among smokers as a main confounder to treatment success. There is an aggressive need for default retrieval action among this subgroup of TB patients including motivation and counseling. TB control programs may also benefit from a focus on smoking cessation interventions. A further evaluation of psychosocial factors among these patients might help understand their behavior and improve treatment outcome.
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